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Background: Surgical closure of trabecular ventricular septal defects is difficult and
often unsuccessful.
Objective: We performed closure of trabecular ventricular septal defects by sand-
wiching the septum between 2 polyester felt patches placed in the left ventricle and
right ventricle without ventriculotomy.
Methods: Eleven patients (7 boys and 4 girls) underwent a sandwiching closure at
a mean age of 4.7 years (range, 0.4-9.7 years) and a mean weight of 16.7 kg (range,
4.6-52 kg). Associated cardiac malformations were present in 9 of the 11 patients.
Seven patients had undergone previous operations. The trabecular ventricular septal
defects are exposed through the tricuspid valve and also from the left ventricular
side through a coexisting large perimembranous ventricular septal defect or through
the mitral valve through an interatrial septostomy. Two forceps, one each from the
right and left ventricular side, lead a 3F Nelaton catheter through the trabecular
defect. An oversized circular polyester felt patch mounted on a 3-0 Nespolen suture
attached to the Nelaton catheter is then passed into the left ventricle. The suture ends
are then passed through a slightly smaller polyester felt patch on the right ventricular
side of the septum. The Nespolen suture is then tied, thereby sandwiching the
septum between the 2 patches.
Results: Time required for the procedure was less than 20 minutes in each case.
There were no hospital deaths, and the postoperative course was uneventful in all
patients. There was no residual shunt in 3 patients, and a minimal residual shunt was
observed in 5 patients. Mild residual shunt was observed in 3 patients. Cardiac
catheterization was performed 1 month postoperatively in 8 patients in whom
residual shunt was noted on echocardiography. Five of 8 patients had a minimal
residual shunt (pulmonary blood flow/systemic blood flow ratio  1.0). Three
patients had a residual shunt (pulmonary blood flow/systemic blood flow ratio 
2.0, 1.6, and 1.2). The patient with a pulmonary blood flow/systemic blood flow
ratio of 2.0 had a “Swiss cheese” ventricular septal defect, and a residual shunt
remained around the patch. However, the residual shunt decreased to a pulmonary
blood flow/systemic blood flow ratio of 1.6 at examination 16 months postopera-
tively. Echocardiography showed that the residual shunt had also decreased in
another 2 patients.
Conclusions: We conclude that the sandwich technique is safe and easy. Even in
cases with a residual shunt present, the shunt is expected to decrease as time passes.
Further experience and longer follow-up of these patients are necessary to conclude
whether this technique is applicable to neonates and young infants.
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Surgical difficulties for closure of multiple ven-tricular septal defects (VSDs) were mainlyencountered for trabecular VSDs.1 Improvedtechniques for repair of this challenging pa-thology while avoiding a right or left ventric-ulotomy were recently described.2-4 However,
complete repair of such defects remains associated with
high morbidity and mortality because of residual VSDs and
postoperative myocardial dysfunction. To address these po-
tential drawbacks, we closed trabecular VSDs by sandwich-
ing the septum between the 2 polyester felt patches placed
in the left ventricle and right ventricle without ventriculot-
omy.5
Patients and Methods
From November 1998 to March 2001, 11 consecutive patients with
a diagnosis of trabecular VSD underwent surgical repair at the
Department of Cardiothoracic Surgery, Kobe Children’s Hospital,
Japan. There were 7 boys and 4 girls, with a mean age of 4 years
and 7 months (range, 4 months to 9 years and 7 months) and a
mean weight of 16.7 kg (range, 4.6-52.0 kg). The preoperative
diagnosis and surgical anatomic findings are summarized in Table
1.
Associated cardiac malformations were present in 9 of the 11
patients. Seven of 11 patients had previous cardiac operations to
increase or decrease pulmonary blood flow. One patient had asso-
ciated pulmonary stenosis to restrict pulmonary blood flow, and 3
patients showed pulmonary hypertension; their mean age was 9
months.
Anatomic Definitions
Eight patients had 2 VSDs, and 3 patients had 3 VSDs. Surgical
anatomy of the trabecular VSD is based on the works of Serraf and
colleagues.6 The trabecular septomarginalis is an important land-
mark for classification of the trabecular VSD. The trabecular
septomarginalis is a muscular structure that lies on the right
surface of the muscular septum. There are 3 main components of
the trabecular septum: the high trabecular septum, the midtrabe-
cular septum, and the low trabecular septum.
Low trabecular septal defects are difficult to close, and closure
has previously been achieved with a ventriculotomy. In our case,
8 (73%) of 11 patients had low trabecular septal defects. The
location of the VSDs is depicted in Figure 1.
Surgical Technique for Trabecular VSDs
The surgical technique for trabecular VSDs is shown in Figure 2.
Total cardiopulmonary bypass is established between the ascend-
ing aorta and both vena cavae. Myocardial protection is achieved
by using moderate systemic hypothermia, cold blood antegrade
cardioplegia repeated every 10 minutes, and topical cooling. A
longitudinal right atriotomy is performed, and stay sutures were
placed on the inner wall of the right atrium to evert the tricuspid
valve. A longitudinal atrioseptotomy was performed in 5 of 11
patients. Infundibulotomy was performed in 4 patients to repair
associated cardiac malformations.
The trabecular septum is exposed through the tricuspid valve.
We negotiate a right-angled forceps to the right-sided trabecular
VSD through the tricuspid valve. We also negotiate another for-
ceps to the left-sided trabecular VSD through another perimem-
branous VSD. In case another large VSD is absent, a longitudinal
Figure 1. Location of VSDs.
TABLE 1. Summary of data on patients undergoing sandwich repair of trabecular VSDs
Patient no. Age (y) Sex Morphology Another VSD Previous operation
1 9.7 M DORV,PA,mVSDs(1) Perimembranous Bilateral BT
2 7.1 F mVSDs(1),PFO Perimembranous PAB
3 6.1 F DORV,PS,mVSDs(2) Perimembranous Bilateral BT
4 5.8 M AVSD,TF,mVSDs(1) Perimembranous rt.BT
5 0.4 M ASD,mVSDs(1) Perimembranous —
6 0.10 M MR,mVSDs(1) Muscular outlet —
7 6.5 F mVSDs(2) — PAB
8 3.0 M PS,mVSDs(1) Perimembranous —
9 5.6 F mVSDs(3),PFO,PDA — PAB
10 5.1 M mVSDs(2),PFO,PDA Perimembranous PAB
11 1.1 M mVSDs(1) Perimembranous —
Numbers in parentheses indicate the number of trabecular VSDs.
DORV, Double-outlet right ventricle; PA, pulmonary atresia; mVSDs, multiple VSDs; PFO, patent foramen ovale; PS, pulmonary stenosis; AVSD, atrioven-
tricular septal defect; TF, tetralogy of Fallot; ASD, atrial septal defect; MR, mitral regurgitation; PDA, patent ductus arteriosus; BT, Blalock-Taussig shunt;
PAB, pulmonary artery banding.
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atrioseptotomy is performed to insert the forceps into the left
ventricle. This permits the right side of the septum to be probed
gently to locate the right-sided openings and the (fewer) left-sided
openings. Two forceps lead the 3F Nelaton catheter through the
trabecular VSD. The Nelaton catheter leads an oversized (at least
8-10 mm larger than the estimated size of the VSD for the safety
margin) circular polyester felt patch (Bard, Inc, Haverhill, Mass)
mounted on a 3-0 Nespolen suture (Azwell, Inc, Osaka, Japan)
through the large VSD or the mitral valve. The suture ends are then
passed through a slightly smaller (at least 6-7 mm larger than the
estimated size of the VSD) polyester felt patch on the right
ventricular side of the septum. The Nespolen suture is then tied,
thereby sandwiching the septum between the 2 polyester felt
patches. We could confirm that the mitral valve apparatus was not
impaired through the mitral valve itself.
Results
All patients had successful sandwich repair of trabecular
VSDs, and 15 VSDs were closed by using this technique.
The mean size of the trabecular VSD was 5.4 mm. The
mean size of the left-sided patch was 14.2 mm, and that of
the right-sided patch was 11.7 mm. The left-sided patch did
not impair the apparatus of the mitral valve in any case. The
aortic crossclamp time was 132  64 minutes (range, 68-
252 minutes) because of the repair of associated cardiac
lesions, but the procedural time for closure of the trabecular
VSDs was less than 20 minutes in each case.
There were no hospital deaths. The postoperative course
was uneventful in all patients. Electrocardiography showed
sinus rhythm in all patients, with complete right bundle
block in 3 patients. Postoperative echocardiography did not
show any change in left ventricular function. There was no
residual shunt in 3 patients, and a minimal residual shunt
was observed in 5 patients. Mild residual shunt was ob-
served in 3 patients. Postoperative catheterization was per-
formed 1 month postoperatively in 8 patients in whom
residual shunt was noted on echocardiography. Five of 8
patients had a minimal residual shunt (pulmonary blood
flow/systemic blood flow ratio [Qp/Qs]  1.0). Three pa-
tients had a residual shunt (Qp/Qs  2.0, 1.6, and 1.6,
respectively). Patient 1 had a “Swiss cheese” VSD, and
residual shunt remained around the patch. However, resid-
Figure 2. A, Negotiating 2 forceps through the tricuspid valve and mitral valve permits the opening of the trabecular
VSD. B and C, Two forceps lead the Nelaton catheter through the trabecular VSD. D, The Nelaton catheter leads
an oversized (at least 8-10 mm larger than the estimated size of the VSD) circular polyester felt patch mounted on
a 3-0 Nespolen suture into the left ventricle through the mitral valve. E, The right-sided patch was sewn to the 3-0
Nesporen suture. F, The Nespolen suture is then tied firmly, thereby sandwiching the septum between the 2
polyester felt patches. LV, Left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium; TV, tricuspid valve; MV,
mitral valve.
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ual shunt decreased to a Qp/Qs of 1.6 at recatheterization 16
months postoperatively. In all but patient 3, pulmonary
arterial pressure was in the normal range postoperatively.
Patient 3 had mild pulmonary hypertension and minimal
residual shunt postoperatively, but residual shunt disap-
peared 14 months postoperatively (Figure 3).
Patients were followed up clinically and echocardio-
graphically for a mean of 20  5.4 months. There were no
late deaths or reoperations, except in patient 1. Electrocar-
diography of patient 1 demonstrated premature ventricular
contractions preoperatively and postoperatively, and the
patient was found to be apneic and pulseless at school
approximately 2 years later. On postmortem examination,
the trabecular VSD was completely closed, with prolifer-
ated intima and fibrous tissue around the polyester felt
patch.
Discussion
Despite advances in preoperative diagnosis, improved sur-
gical techniques, and postoperative care, there is still sig-
nificant morbidity and mortality in the treatment of patients
with trabecular VSDs. The moderator band and the multiple
trabeculations beneath it create a multiperforated wall that
hides trabecular VSDs on the transtricuspid view. For this
reason, apical left ventriculotomy was introduced and rap-
idly adopted as the most effective approach for surgical
closure of trabecular VSDs. However, late complications,
including apical aneurysm or dyskinesis, have created the
need for a safer approach. Before we started closing the
trabecular VSD with the sandwich technique, it had been
our strategy to use pulmonary artery banding or systemic-
to-pulmonary shunt to defer the time of definitive repair as
late as possible. We had to close trabecular VSDs in 2
patients in the past: one was a 6-year-old patient with
tetralogy of Fallot and low trabecular multiple VSDs, and
the other was a 2-year-old patient with a large VSD, mitral
regurgitation, and multiple low trabecular VSDs who had
extended aortic arch anastomosis and pulmonary artery
banding for coarctation complex and arch hypoplasia in the
newborn period. Both of these patients had stormy postop-
erative courses and longstanding left-heart failure, resulting
in late death caused by chronic renal failure in the latter
patient. Kitagawa and associates2 described the technique of
removing a section of the moderator band as an approach to
defects in the midtrabecular septum. Although this avoided
the need for left ventriculotomy in most patients, late fol-
low-up data concerning right and left ventricular and atrio-
ventricular valve function are not yet available.
Transcatheter device implantations7,8 seem to be useful
to close high anterior or apical defects; however, the devices
are not yet available for use in Japan. Moreover, devices
must be placed intraoperatively in infants because of the
size and stiffness of the catheters.
Nine of the 11 patients in our series also had associated
malformations requiring surgical intervention. Trabecular
VSDs were closed by using the sandwich technique at the
time of definitive repair for associated defects, sparing op-
erative time considerably.
Combined color-coded echocardiography and angiogra-
phy have proved to be a reliable means of obtaining an
accurate preoperative diagnosis9; however, it remains diffi-
cult to ascertain whether all trabecular VSDs are diagnosed,
particularly when there is a nonrestrictive defect. In our case
we could detect additional trabecular VSDs in 4 patients at
surgical intervention in addition to the one suspected pre-
operatively. Preoperative accurate diagnosis is critical to
treat such patients.
Despite improved integrated treatment of multiple VSDs
Figure 3. Left ventriculography of patient 3. A, Preoperative left ventriculography showed perimembranous and
trabecular VSDs. B, Left ventriculography 1 month postoperatively showed a minimal residual shunt. C, Left
ventriculography 14 months postoperatively did not show any residual shunt.
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between surgical and interventional techniques, there is still
significant concern regarding the optimal treatment of a
trabecular VSD. This has led to considerable controversy
regarding the optimal management of these patients. Band-
ing of the pulmonary artery to protect the pulmonary vas-
cular bed and to relieve symptoms of congestive heart
failure has traditionally been used in an effort to delay
definitive repair, as was the former treatment strategy in our
institution. This staged approach might allow time for or
even promote spontaneous closure of some of the defects,
possibly increasing the likelihood of successful surgical
outcome. However, the deleterious effects of biventricular
muscular and fibrous hypertrophy and long-lasting hypoxia
caused by this approach, leading to arrhythmic events and
chronic heart failure in the future, is certainly undeniable.
Since we invented the sandwich technique, none of the
patients had pulmonary artery banding, and we closed the
trabecular VSD safely, even in a 4-month-old infant. In the
case of an even smaller baby with trabecular VSDs, it is not
indisputable that a large sandwich patch might impair the
distensibility of the left ventricle. Further experience and
longer follow-up of these patients are needed to conclude
whether this technique can be used consistently in neonates
and young infants.
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